In this issue of Neuron, Parikh et al. utilize biosensors to probe the cholinergic system in freely moving rats performing cue-detection/reward delivery tasks. They show that cue-evoked cholinergic activity in the medial prefrontal cortex is associated with cue detection and not reward delivery. We discuss the implications of their research in behavioral neuroscience.
Cognitive neuroscience, as with all aspects of neuroscience, continually challenges scientists. More sophisticated and ever more elegant research is pulling together pieces of the jigsaw puzzle; the ultimate goal is to assemble these pieces to understand the neural control of behavior. In this issue of Neuron, Parikh et al. (2007) make use of recently developed technology to observe cholinergic neurochemical communication in the medial prefrontal cortex (mPFC) of awake, behaving rats.
Powerful tools exist to investigate individual neuronal processes. However, these techniques such as patchclamp and fluorescence imaging are difficult to use in awake animals. This limits the study of the intact brain of an anesthetized animal and is an even greater challenge in a behaving animal. For freely moving animals techniques need to be minimally invasive, yet provide quantitative information on circuitry during a particular behavioral task. Commonly, a number of approaches are applied, each with distinct advantages and disadvantages. Traditionally, lesion studies have been used, for which select brain structures are removed or known terminals and projections are severed in an anesthetized animal and behavioral or pharmacological studies are performed once the animal is awake. This method has been used successfully to determine neuronal circuitry of both reward (Ito et al., 2006) and cognition (Rogers et al., 2001) . While fruitful, lesioning is invasive and does not directly measure functioning circuits.
Extracellular single-unit recording has been widely used in behaving animals to follow neuronal activity. It has uncovered specific circuits also involved in reward (Schultz, 2006) and cognition (Constantinidis et al., 2001) . The main disadvantage is that the neurochemical substrates involved can only be postulated. In vivo imaging techniques, while useful for humans (Knutson et al., 2003; Volkow et al., 2005) , are less used in animal studies because they require the animal to remain stationary.
Obtaining specific chemical information during behavior has traditionally been achieved with microdialysis. A probe samples the extracellular fluid of surrounding tissue through a semipermeable membrane. The technique is very powerful in the wealth of chemical information it provides because samples can be investigated for a number of neurotransmitters and neuropeptides with a number of analytical methods for precise chemical identification (Watson et al., 2006) . However, many analytical measurements require 10-15 min, whereas behavioral neurochemistry changes on a second or subsecond timescale. Additionally, there are concerns about the relatively large diameter of the microdialysis probe (125 mm), which may damage surrounding tissues from which it samples (Borland et al., 2005) . Furthermore, the probe samples over a large area, which means that the chemistry may not have a fine spatial resolution.
The above techniques have guided our understanding of behavioral neurochemistry; however, miniaturized sensors with higher temporal resolution are ideally suited for such investigations. One approach we have pursued is the use of carbon-fiber microelectrodes to detect neurotransmitters by their electro-oxidation (Robinson et al., 2003) . This approach has provided considerable insight into dopamine neurotransmission in the striatum during reward-related behaviors (Phillips et al., 2003; Day et al., 2007) . In contrast to microdialysis, the sensor's small dimensions (7 mm) cause minimal tissue damage. Paradoxically, this small size has its own limitations because the spatial specificity provides measurements that may be too localized to provide the ''big picture,'' and the high temporal resolution may limit measures of basal neurotransmitter concentrations. Furthermore, this approach is limited to the electro-oxidizable neurotransmitters, such as dopamine, serotonin, and norepinephrine.
In an alternate, new approach, researchers have incorporated enzymes in sensors, allowing a broader range of neurotransmitters, such as acetylcholine, to be investigated. Choline, as an index of acetylcholine, can be monitored using a microelectrode coated with choline oxidase. However, only recently have sensors become available that are based on microfabrication technology. Sarter and colleagues are the first to use such ceramic-based microelectrode arrays in awake, behaving animals. Here, they investigate the cholinergic system function in the mPFC and motor cortex. They demonstrate in the mPFC that this system is involved in attentional performance in an appetitive task. This task involved presentation of a cue that predicted reward delivery, which modulated attentional shifts from nontask behaviors, such as grooming, to active monitoring of reward locations.
Transient increases in cholinergic activity in the mPFC were seen when the animal detected cues; data indicated that such transients were mediating a cognitive operation instead of simply indicating sensory processing of the cue. In sessions in which phasic cholinergic activity was not observed, the animal's behavior indicated that it missed the cue. The response was specific to the cue because the phasic increases were not observed during port approach, delivery, or consumption of the reward. The authors conclude that ''cholinergic transients mediate cue-evoked cognitive operations, but not port approach and reward retrieval.'' Cue-evoked, transient cholinergic activity was not evident in the motor cortex; this was further validated by lesion experiments.
In addition to the cholinergic transients, longer-term changes in concentration were found. These tonic changes occurred over tens of seconds or minutes in both the mPFC and the motor cortex. As precue tonic levels declined, there was greater incidence of cue detection, showing that as ongoing behavior raises tonic levels precue in mPFC and motor cortex, the animal becomes less responsive to subsequent cues. These results were validated by microdialysis.
From this evidence, we can further our understanding of behavioral circuitry; it is clear that cholinergic changes reflect mediation of cognitive operations in the mPFC that operate on different timescales. This information should be invaluable in advancing the pharmacology of cognitive and behavioral disorders such as Alzheimer's disease, schizophrenia, and addiction. Future work with this type of sensing technology will allow us to piece together the other pieces of the jigsaw puzzle, such as, importantly, glutamate and GABA neurotransmission.
The visual system, with its ability to perceive motion, is crucial for most animals to walk or fly steadily. Theoretical models of motion detection exist, but the underlying cellular mechanisms are still poorly understood. In this issue of Neuron, Rister and colleagues dissect the function of neuronal subtypes in the optic lobe of Drosophila to reveal their role in motion detection.
The visual system of animals discriminates different aspects of the visual world, including color, form, and depth. Perhaps the most important feature of the visual system is its ability to detect movement. Motion perception is an important prerequisite for flight control in flies and thus for their ability to search for food, to pursue mates, or even to escape from predators or a fly swatter. Large flies such as Calliphora and Musca, and more recently the fruit fly Drosophila, have been excellent model systems with which to study the principles of motion detection, although the cellular basis of this behavior remains unclear (Borst and Haag, 2002) .
Visual information is first received in the retina. In the Drosophila compound eye, the retina contains about 800 ommatidia, each of which consists of six outer photoreceptors, R1-R6, and two inner photoreceptors, R7 and R8
